SPECIES OF MYXOBOLUS (MYXOZOA) FROM THE BULBUS ARTERIOSUS OF CENTRARCHID FISHES IN NORTH AMERICA, WITH A DESCRIPTION OF TWO NEW SPECIES
Three species of Myxobolus (Myxozoa, Myxosporea) occur in heart tissue of centrarchids. Myxobolus paralintoni Li and Desser, 1985 from Lepomis gibbosus in Algonquin Park and in Lake Erie, Ontario, has subcircular spores (in plane of spore length) in frontal view (11-13 p.m long, 9-10 p.m wide, and 5 pim thick) with a width-to-length ratio of 1:1.2. Myxobolus jollimorei n. sp. from Lepomis macrochirus in Lake Erie and in the Pascagoula River System, Mississippi, has subcircular spores (in plane of spore width) in frontal view (10.0-11.5 pum long, 12.0-14.5 pLm wide, and 6.5-8.0 pL.m thick) with a width-to-length ratio of 1:0.8. Myxobolus manueli n. sp. from Pomoxis nigromaculatus in Lake Erie has spores (10-11 pum long, 8-10 p.m wide, and 6.5-7.0 pLm thick) that are nearly circular in frontal view but that have 2 distinct sublateral knobs along the sutural ridge and a width-to-length ratio of 1:1.2. All 3 species occur in the bulbus arteriosus of their hosts where they form small, saucershaped pseudocysts. Free spores were found free in the lumen of the heart and bulbus arteriosus, in bile, and in kidney tissue presses.
As a group, histozoic species of Myxobolus Biitschli, 1882 (Myxosporea) infect a diverse set of specific tissues that can include specifically the tegument, eyes, gills, skeleton, glands, kidneys, gonads, scale epithelium, muscle, digestive tract, and nervous system (Shulman, 1966) . Although spores have been reported commonly from heart tissue, development of pseudocysts of species of Myxobolus in heart tissue is rare (Bauer et al., 1991; Masoumian et al., 1996) .
The present study examines 3 species of Myxobolus from the bulbus arteriosus of centrarchid fishes in North America. Myxobolus paralintoni Li and Desser, 1985 is reported from Lepomis gibbosus 2 new species are described, 1 from Lepomis macrochirus and 1 from Pomoxis nigromaculatus.
MATERIALS AND METHODS
Juvenile and adult pumpkinseed (L. gibbosus) were collected 21 June 1994 from Lake Sasajewan (45?35'N; 78?30'W) by setting baited minnow traps. The 13 trapped fish were transported live to the nearby Harkness Fisheries Research Laboratory where they were necropsied the same day. Photomicrographs of fresh spores mounted in 1% agar were prepared during the necropsies. Infected hearts were fixed in 10% phosphate-buffered formalin and later embedded in Paraplast for preparation of histological sections. Sections (7 p.m thick) were stained with Harris' hematoxylin and eosin or with Giemsa. Juvenile and adult bluegill (L. macrochirus) were collected 15 September 1994 and 19-26 February 1996 by netting with a seine and angling with hook and line in the Pascagoula River and joining bayous near Vancleave, Mississippi. The September sample of bluegill was fixed immediately in 10% phosphate-buffered formalin and necropsied later. Heart tissue was sectioned as described above. Photomicrographs were prepared of fixed spores stabilized in 1% agar mounts. The February sample of bluegill was necropsied fresh. Two specimens of black crappie (P. nigromaculatus) were collected 29 June 1993 by seine netting on a beach near Wheatley, Lake Erie. On 28 March 1995, L. gibbosus (7 specimens), L. macrochirus (7), and Pomoxis macrochirus (5) were collected by trap-netting in Inner Long Point Bay, Lake Erie. These fish were frozen and examined later. All measurements of pseudocysts and spores are presented in micrometers as a mean + SD followed in parentheses by the range. Prevalence and intensity of infection: 30% (3 of 9) of L. gibbosus from Lake Sasajewan, and 57% (4 of 7) of this host from Inner Long Point Bay, Lake Erie, plus 1 of 7 specimens of L. macrochirus from Inner Long Point Bay. Infected fish had 1-38 pseudocysts.
Remarks
We examined syntypes of M. paralintoni. Although the slide with that material had dried and deteriorated, a spore was found and recognized as conspecific to those we collected from the type host (pumpkinseed) on the basis of spore size and shape; these additional specimens also came from the type locality of Lake Sasajewan. Spores in the original description (Li and Desser, 1985) were reported as 11 Ium (9.5-11.5) long, 10.0 pIm (9.0-11.5), and 6.5-7.5 pIm thick, similar to those that we collected. Myxosporean infections of the bulbus arteriosus appear to be characterized by significant spore dispersal beyond the plasmodium. This dispersal may be a result of the need for the bulbus arteriosus to expand significantly during the normal cardiac cycle; for rainbow trout (Oncorhynchus mykiss), 25% of the cardiac stroke volume is taken up by expansion of the bulbous arteriosus (Priede, 1976) . This expansion would produce significant compression and stretching of the plasmodium, forces that may facilitate both rupturing of the plasmodium and dispersal of spores through tissues. We note that the plasmodia of the three myxosporeans reported here are saucer-shaped and only loosely filled with spores. Both these features could serve to minimize detrimental effects of compression during early stages of spore development.
The presence of 3 distinct species of Myxobolus in the bulbus arteriosus of 3 sympatric centrarchid fishes raises questions about possible historical relationships. Are these parasites the result of diversification of a species of Myxobolus that parasitized the bulbus arteriosus of an ancestral centrarchid? Or, are the three 3 relatively distant phylogenetically, representing 3 independent invasions of a unique site within centrarchid fishes. The apparent rareness of species of Myxobolus parasitizing this tissue site in other fishes suggests the former hypothesis may be the case. However, the fact that each of the three species is different from each other morphologically and that each resembles more closely species of Myxobolus from other hosts in different tissues than among themselves suggest the latter hypothesis may be the case. Molecular studies (e.g., Smothers et al., 1994; Siddall et al., 1995; Schlegel et al., 1996) on these 3 and additional species may help to answer this question.
